Abstract: By comparing the network structure of venture capital (VC) firms in Silicon Valley (California) to that of VC firms in Route 128 (Massachusetts), the present study challenges any market-centred theory of regional development. I show that there are advantages in examining the structure of social networks of cooperation within the venture capital industry to understand the level of development of a region. I support two distinctive propositions regarding the regional advantage of Silicon Valley over other US hightechnology regions such as Route 128. First, collaboration among VC firms in Silicon Valley is more pronounced and dense than in Route 128. Second, the number of investments and amount of money invested by VCs in Silicon Valley staying local are much higher than the number of investments and moneys invested locally by Route 128 VC firms. I argue that historical development as well as the particular structure of the social networks in Silicon Valley is precisely what has fostered relatively higher growth and development of the region compared to many other regions of the world. Biographical notes: Emilio J. Castilla is a PhD candidate in Sociology at Stanford University. His main research interests are formal organisations, economic sociology and comparative sociology. His most recent book examines advanced quantitative methodologies for the analysis of longitudinal data in the social sciences. An active researcher and teacher, he received the Cilker Teaching Award in 1999 and the Stanford Centennial Teaching Award in 1998. Currently, he is studying the influence of social networks on intraorganisational career paths and employee performance. He is also involved in a historical analysis of social networks among different companies and institutions in Silicon Valley.
Introduction
Despite the theoretical importance of social networks in regional development, the precise nature of social networks at work in Silicon Valley still remains quite obscure. In this paper, I seek to shed light on the social network phenomenon in Silicon Valley. Silicon Valley's dense network structure is universally famous for providing the support that facilitates and even accelerates the process of starting new technology-oriented businesses. It has been argued that this structure of support has consequently fostered the tremendous economic growth of the valley in the last decades. But very little empirical work has been done to show the particular network structure characteristics that make Silicon Valley unique [1] [2] [3] .
The purpose of this paper is to present the beginnings of a systematic comparative study of social networks of venture capitalists. Specifically, I examine the role of social networks of venture capital firms (VC henceforth) in the development of industrial regions like Silicon Valley (California) with both a comparative and a network perspective. By analysing a sample of investments from VC firms in Silicon Valley, I first show how the structure of venture capital in Silicon Valley has been indeed dominated from the very beginning by a group of firms highly interconnected with each other like nowhere else in the world. Second, by comparing the network structure of cooperation among VC firms in Silicon Valley to the network structure of cooperation in Route 128 (New England, Massachusetts), the present study challenges any marketcentred theory of regional development and offers a network explanation to account for differences in the level of development of any regions. Both Silicon Valley and Route 128 appear to have comparable concentrations of skills, technology, companies and other social institutions. However, in Silicon Valley, the entrepreneurial efforts and venture capital activities happen to be more embedded in densely connected networks. The relatively higher growth and development of Silicon Valley has been attributed to historical development as well as the particular structure of the social networks in the valley in comparison with many other regions of the world [4] [5] [6] [7] .
I begin with a brief review of the venture capital industry, with particular emphasis on the historical development of venture investing and networks of venture investors in the Western Region of the USA prior to the institutionalisation of venture capital. The section also focuses on network methods that enable us to identify the most influential VC firms in Silicon Valley since 1995. To gain a better understanding of the dominance of Silicon Valley in the new economy, the second part of this paper compares the structure of venture financing in Silicon Valley with the structure of venture financing of another important US region, Route 128. I empirically illustrate some of the most important differences that exist in the way of doing venture investing between firms in Silicon Valley and Route 128. In particular, two propositions are tested regarding the regional advantage of Silicon Valley over other US high-technology regions such as Route 128: 1 collaboration networks among venture capital firms in Silicon Valley are more dense and dominated by more connected cliques than in Route 128 2 the number of investments and amount of money coming from VC firms in Silicon Valley that stays local are much higher than the number of investments and amount of money invested locally by Route 128 VC firms.
These two important differences in the network structure have definitely shaped, from the beginning, the allocation of resources, support, information and legitimacy necessary for the development and success of new local organisations and consequently, the long-term development of the region. In the conclusion, I discuss the results of my analyses and suggest directions for future research on social networks in industrial districts. I also make some policy recommendations that support the creation and expansion of regional networks among firms to promote economic and technological regional growth.
Venture capital in Silicon Valley
The venture capital industry has undoubtedly been the financial engine of the most recent entrepreneurial process. Harmon's Zero Gravity [8] relates the personal insights and general advice from leading venture capitalists on how to navigate through different stages of the venture capital process [8] . Harmon starts his recent book with a very popular belief now:
"the venture capitalists are the new power brokers, banks, management providers, gurus and mothers who hold the hands of the newbie idea-ites, taking them past the training wheels stage into rocket racers. It is smart money, the people and their capital. It has to be smart -there is no time to make the wrong moves in a world where every great idea has a dozen imitators in sixty seconds." [8, pp.3-4] Venture capitalists are management firms that invest capital in companies at very different stages of development. The capital is provided by individual and corporate investors who contribute to a 'fund'. Venture capitalists participate together in rounds of financing of companies. Clearly, some venture capitalists have strong preferences for working with certain other venture capital firms. Those currently investing in a young company might often be recruiting and selecting other VC firms for participation in subsequent rounds of financing. These processes create cliques of VC firms which cooperate with each other in the funding of similar start-ups or investee companies in other development stages. Social networks are also important sources of power and influence [9] . In Silicon Valley, venture capitalists play more than merely conventional roles. They are highly influential when it comes to the shaping as well as the future evolution of their client organisations. Venture capitalists provide start-ups with not only financial resources but also management, recruiting, accounting and legal advice and other consulting services which are just as important to the success of the new venture as is the funding. Moreover, venture capitalists have access to an informal and formal network of professionals and experts who can evaluate the long-term viability of a newly created firm and provide in-depth knowledge of high technology industries from their portfolio of ventures. These networks constitute a form of social capital and are a good example of the Granovetter embeddedness concept [10] . The entrepreneurial effort as well as its financing by VC firms is clearly embedded in a formal and informal network of social connections that provide support, information, status and legitimacy to the investee company.
West Coast venture capitalists have helped make Silicon Valley the focus of world attention and the cradle of technology-based entrepreneurship. Experienced venture capitalists now manage billions of dollars. Half of the VC firms in the USA are now in Silicon Valley. From 1998 to 1999, venture capital investments in Silicon Valley firms increased from $3.2 billion to $6.1 billion (an increase of 90%). In the first quarter of 2000 alone, Silicon Valley attracted $6.1 billion in venture capital funding (in comparison with New England which captured $2.4 billion) with 394 investment deals [11] . This is over half of the venture capital invested in the top ten technology regions of the USA (including Atlanta, Austin, Boston, Dallas, Denver, Phoenix, Portland, RaleighDurham, Salt Lake City and Seattle). Investment in software/internet companies still attracted the largest share of total investment, at 33%. Communications attracted the second-largest investment share at 28% [12] .
Many social scientists argue that in addition to being a critical source of capital for many start-ups, venture capitalists of Silicon Valley have been central in the development of the region's social and professional networks in comparison with the more passive role of venture capital in other regions [5] [6] [7] . Networks of venture capitalists in Silicon Valley relied on major inflows of technical entrepreneurs, venture capitalists, management talent and supporting services from other regions. It is this shared regional affiliation which provides an underlying social bond for the region's network of entrepreneurs and inventors [7, p.255] . By the late 1980s, this combination of technology and venture financing had already turned into a phenomenon known around the world as Silicon Valley, a centre where entrepreneurs, investors and venture capitalists meet to promote entrepreneurship and economic growth.
Venture capital on the West Coast has no exact age. However, it is well established that venture capital matured in the West Coast. Wilson's study in 1985 is probably the first systematic analysis of the phenomenon of venture capital in the USA [13] . In Wilson's words:
"Born in New York, nurtured in Boston and almost smothered in Washington, venture capital did not really come of age until it moved to California and joined forces with the brash young technologists who were using bits of silicon to create an information revolution as profound as the industrial revolution a century later." [13, p.31] With the formation of many modern venture capital firms such as Draper, Gaither & Anderson and Western Business Assistance Corporation in 1958, however, the basic foundations of todays venture structure started to be laid, even though several individuals antedated these early firms in activity.
Between 1958 and 1983, venture capital grew into a 'heavy gravity business' [8] . While in 1958 a small number of deals were allocated a few thousand dollars each, by 1983 billions of dollars were invested in each good idea. According to the Asset Management Company (AMC)'s 'West Coast Venture Capital -25 years' Genealogy Chart' published in 1983, over 300 people in over 100 companies built West Coast venture capital in the 25 years since 1958 [14] . One hundred and twenty nine organisations were identified in the genealogy chart (including fund spin-offs) related to Western venture capital from 1958 until 1983. The rate of founding new VC firms remained relatively stable until 1967-1968, after which it rocketed. During the late 1960s, limited partnership became a very usual practice and even large financial institutions started to invest as limited partners [15, 16] .
The venture capital industry has experienced dramatic growth since 1968. By the early 1960s, several large financial institutions became involved in venture capital. First National Bank of Boston formed an SBIC affiliate for providing loans to technology-oriented businesses and around the same time, Federal Street SBIC was established by a consortium of Boston banks with the same aim [6, pp.19-20] . The evolution of the venture-capital industry followed a pattern similar to that of new high-technology business enterprises. Proliferation by spin-offs from preceding generations was prevalent in the venture capital industry as it was in high-technology enterprises. Some of the prominent cases of this mode of growth by spin-offs are documented by Florida and Kenney [6, pp.20-21] . After 1983, the number of venture capital firms in the Western region of the USA continued to grow, mainly as the result of spin-offs [17] [18] [19] [20] [21] [22] .
Social networks of venture capital firms in Silicon Valley
Data from PricewaterhouseCoopers' Money-Tree-Historical Data of VC funds and investee companies are used to examine the most recent networks of VC firms in Silicon Valley (from 1995 up to the first quarter of 1998) [23] . I use MAGE [24], a computer graphic program, to explore and evaluate the social structure of VC firms using dynamic three-dimensional colour images [24] [25] [26] . A graph can give us a representation of a social network as a model of a social system consisting of a set of actors (in this case, VC firms) and the existing ties among them.
The graph for the venture capital social network in Silicon Valley is given in Figure 1 . In the graph, the points (called nodes) are used to represent each of the existing VC firms in Silicon Valley during the 1995-1998 period. The lines connecting the points are used to represent the ties between those organisations. In this case, the presence of a tie between any two VC firms indicates that they have at least one investee company in common; that is, that both VC firms cooperated in the financing of the same company or companies. In this sense, a tie is either present or absent between each pair of venture firms. In addition, the length of the tie between two VC firms is inversely proportional to the number of investee companies in common: the shorter the tie (i.e., the closer the two VC firms in the three-dimensional space), the higher the number of investee companies in common [27,28,2,29,30]. In general, the nodal degree of a VC company is a measure of the 'activity' of the VC firm. The mean degree is a statistic that reports the average degree of all VC firms in the network. In Silicon Valley, there are some VC firms (30% of all VC firms) which are not related to any of the other existing organisations by the 'cooperation' relation here defined (that is by having at least one investee company in common). They are therefore isolates on the relation of cooperation to fund an investee company. The overall density of the graph (excluding isolate VC firms) is 0.0256. The mean nodal degree is 2.81, the median is 2.0 and the standard deviation is 3. It is important to identify which VC firms are especially powerful in the VC industry. To become a powerful organisation within a network, one can argue that such organisations must be relatively central to the network structure. Broadly speaking, centrality (in social network analysis) refers to how critical a firm is to the network's global structure. Centrality can be measured in several ways, each of which is associated with a different substantive interpretation. An organisation's degree of centrality is simply the number of other organisations to which the given organisation is tied. Degree is typically used as a measure of an actor's involvement in a network [32] . In this sense, an organisation tied to two other organisations is said to be twice as involved as an organisation with only one link. I calculated the standardised degree centrality [33] . 13 .64 down to 9.09). Substantively, one could tell that much of the financial activity in Silicon Valleyis centred on these firms -most of them are located in the Los Altos-Menlo Park-Palo Alto neighbourhood -since their standardised degree centrality is between three and five times the average standardised nodal degree for the whole network. These firms have the largest degrees and thus many are connected to many other firms in this network.
In addition, betweenness centrality could be easily interpreted as a measure of a firm's power. An organisation gains power over any two organisations when it lies on the shortest path between the two in a given network of relations. For example, if organisation A is tied directly to organisation B and organisation B is tied directly to organisation C, but organisations A and C have no direct ties, then the shortest path A third view of firms' centrality can be based on closeness or distance. The closeness centrality measure focuses on how 'close' a firm is to all the firms in the network. The idea is that a firm is central if it can quickly interact with all others. This notion of closeness states that central firms in a network have 'minimum steps' when relating to all other firms; that is, the geodesics (or shortest paths) linking the central firms to the rest must be the shortest possible. In the example of organisations A, B and C above, where organisation A is tied directly to organisation B and organisation B is tied directly to organisation C, but organisations A and C have no direct ties, then B has the maximum closeness, since B can reach all other firms in a minimum number of steps. Table 1 displays the results of this overall centrality analysis for the 20 most influential VC firms in Silicon Valley. All 20 firms invested 4,827 millions of dollars in 936 different investee companies between 1995 and the first quarter of 1998; this represents 55% of all money invested by VCs in Silicon Valley (over 52% of all company recipients of Silicon Valley funds). They also invested over 14.4% of the total capital invested by all US VC firms in the 1995-1998 period. Examining the results of the centrality analysis reported in Table 1 , these 20 VC firms have a mean nodal degree of eight firms; thus, these 20 VC firms have on average eight connections to other VC firms in the region. Their mean closeness score is 2.7 (much higher than the mean value for all VCs in Silicon Valley) and their mean betweenness score is almost four (four times the mean level of betweenness for all VC firms in Silicon Valley).
It is very difficult to understand the relative position of VC firms in Silicon Valley, especially of these 20 most influential ones, in the absolute. The purpose of the next section is to compare the structure of the network of VC firms in Silicon Valley to the one in Route 128, which is argued to be the second leading technology region in the USA. Only when examining the structure of the venture investing network as well as the investment patterns, important variations can be found between Silicon Valley and Route 128 VC firms which could consequently account for their differences in the level of economic and social development. Table 1 Centrality measures for the 20 most influential venture capital firms in Silicon Valley (1995) (1996) (1997) (1998) 
A comparative analysis of venture capital firms in Silicon Valley and Route 128
Much research on the experiences of Route 128 and Silicon Valley has suggested that there are important regional sources of competitive advantage [5] . Neither accounts of industrial adaptation as a national or a sectoral process nor classical theories of regional development, or standard economic theories, which all treat Silicon Valley and Route 128 as comparable concentrations of skill and technology, can account for Silicon Valley's superior performance since the 1980s. These differences in performance cannot be explained by any market-centred theory of regional development or any other approaches that view firms as separate from the social structures and institutions of the local economy. In this section, I challenge any of these traditional theories of regional development and present a network explanation to account for the high rate of new local successful organisations in Silicon Valley. I perform some network analyses to show empirically how entrepreneurial effort and venture capital activities are indeed much more embedded in a network of cooperation and social relations in Silicon Valley than in Route 128. This section also shows some of the major differences in the organisation of venture investment between Silicon Valley and Route 128 VC firms. I perform several tests to illustrate some of the clear differences in the number of investments, the amount of money invested and the regional location of investments between VC firms in Silicon Valley and VC firms in Route 128.
Following is the operationalisation of some of these non-economic factors (i.e., specific characteristics of the network structure in Silicon Valley compared to any other industrial region in the USA such as Route 128) which, I propose, account for the successful development of Silicon Valley. The first proposition to test empirically is that networks of inventors, entrepreneurs, engineers and venture capitalists are, in general, more dense in Silicon Valley than in Route 128. These networks are more dominated by cliques or clans of actors in Silicon Valley, whereas in Route 128, networks are less dense and more disconnected, containing a much lower number of cliques or cohesive groups. Applying this general proposition to the study of networks of VC firms, I hypothesise that VC firms in Silicon Valley will tend to cooperate more in financing investee companies and overall will appear to be more central than VC firms in Route 128 which are, by contrast, less connected among each other.
A second proposition is that in Silicon Valley, investments come and continue to come mainly from local funds. In the specific case of venture capital funds, the number of investee companies and the amount of capital invested in Silicon Valley are relatively higher in comparison with Route 128. In addition, those investments come more from local VC funds in Silicon Valley. In other words, the number of investments (and the amount of money) coming from VCs in Silicon Valley that stays in the Valley is relatively higher than the number (and amount of money) invested by Route 128 VCs in New England.
A descriptive analysis of the data available from PricewaterhouseCoopers from 1995 to the first quarter of 1998 includes 111 VC companies located in Silicon Valley and 91 VC firms located in Route 128 (Massachusetts). The number of investee companies for VC firms in Silicon Valley is 1,787; 1,163 for the VC firms in Route 128. The differences are even more striking when examining the amount of capital invested:
VC firms in Silicon Valley invested 8.7 billions of dollars as opposed to 5.9 billions in Route 128.
Network analysis of venture capital firms in Silicon Valley and Route 128
In order to examine the structure of cooperation and social relations among VC firms and identify influential groups of firms in both the venture capital industry in the Silicon Valley and Route 128 regions, several network methods can be employed. Each of these methods explores a different level of information regarding the structural relationship of these influential groups of companies.
Influential It is often a group of influential firms rather than a single firm that can dominate the whole association. Since centrality degree only informs us of the level of involvement at the firm level, I use another procedure to detect sub-groups of firms within a network. The simplest of the various sub-graph concepts is that of the component, which is formally defined as a 'maximal connected sub-graph'. A sub-graph, like a graph, is connected when all of its points are linked to one another through paths: all points in a connected sub-graph can 'reach' one another through one or more paths, but have no connections outside the sub-graphs [38] .
Finally, social network analysis can also be used to discover the various 'cliques' and cohesive sub-groups into which a network can be divided. The clique definition is a very useful technique to formalise the notion of the social group using social network properties. It is a very strict way of specifying the formal properties that a cohesive group has in a network of social actors. A clique is a 'maximal complete sub-graph' of three or more actors. It consists of social actors, all of which are adjacent to each other and there are no other actors who are also adjacent to all the members of the clique [2, p.254]. In the example of VC firms, one can think of a clique as a group of VC firms all of which cooperate with each other in the founding of similar start-ups or investee companies in other development stages and there are no other firms in the group which also cooperate with all the members of the group of VC firms [39] .
This concept of the clique is constraining for real social networks, as such tightly knit groups of actors are quite uncommon [28, p.118]. That is why an extension to the idea of clique, the concept of n-clique, is used in this paper. The concept of n-clique, where n is the maximum path length (i.e., number of ties) connecting all organisations of the clique, is closer to people's understanding of the word 'clique'. Thus, a 2-clique is one in which all organisations are linked either directly (at distance 1) or indirectly through a common intermediary organisation (distance 2). To create the graphic representation of networks of VC firms in both Silicon Valley and Route 128, MAGE is used again. Each node represents a VC firm; the presence of a tie between two firms indicates that both firms have at least one investee company in common. Figure 2a shows the graph for VC firms in Silicon Valley. For the purposes of getting a clearer picture of the network of financial cooperation, I deleted (also from the graph in Figure 2b ) those VC firms which are isolates (i.e., that do not have any tie to any other VC firms in the same region). Hence, the graph of connected VC firms in Silicon Valley includes 78 firms (70% of all 111 firms surveyed in the Silicon Valley region).
Only the connected VC firms in Route 128 (54% of all 91 firms) are graphically represented in Figure 2b . 
A comparative analysis of venture capital funding in Silicon Valley and Route 128
One of the most important differences between VC firms in Silicon Valley and Route 128 is the number of funded companies. Whereas the number of investee companies for VC firms in Silicon Valley is 1,787, the number for VC firms in Route 128 is 1,163. Table 3 shows some descriptive statistics for the number of investments or investee companies and the amount of capital invested by VC firms in Silicon Valley and VC firms in Route 128. Many interesting investment patterns can be highlighted from Table 3 . VC firms in Silicon Valley invest in a higher number of companies located in California, whereas VC firms in Route 128 invest comparatively in a higher number of companies located in Massachusetts where Route 128 is located. These differences are statistically significant at the 0.001 level. The same pattern emerges when the amount of money invested in millions of dollars is examined. The difference of almost 40 millions of dollars in the amount of money invested by VCs in Silicon Valley and VCs in Route 128 in California is enormous. VCs in Route 128 invest in Massachusetts over 12 millions more than Silicon Valley VCs. In relative terms, VC firms in Silicon Valley fund a higher percentage of local companies and invest 'locally' a higher percentage of money (almost 70% of their funded companies and amount of money goes to local firms; versus 40% in the case of VC firms in Route 128). These differences are statistically significant at the 0.001 level. Table 4 shows the count of funded companies by location of the VC firm (either Silicon Valley or Route 128), location of the investee company (i.e., whether the investee company is located in the same state where the VC firm is or not), stage of the investee company and industry of the investee company. Several chi-square tests of independence between location of VC firm and stage of the investee company, location of VC firm and industry of the investee company and location of VC firm and location of investee company suggest that there are important (and significant) differences in the patterns of investment of VC firms in Silicon Valley and Route 128.
Over 50% of the portfolio of VC firms in Silicon Valley consists of investee companies in their first, second and third stages of development; it is less than 40% of the Route 128 VC firms' portfolios. VC firms in Route 128 tend to invest much more in buyouts and follow-on investee companies (23.5% of investments versus 11% in the case of Silicon Valley VC firms). These differences in the number of investments by stage between VC firms in Silicon Valley and Route 128 are statistically significant at the 0.001 level (chi-square test = 148; df = 11).
Both VC firms in Silicon Valley and in New England invest highly in the Software & Information and the Communications industries (60% of all investee companies in Silicon Valley and almost 48% of all investee companies in Route 128). Clearly, Silicon Valley VC firms have more investments in the Software & Information, Computers & Peripherals and Semi-Conductors/Equipment industries (half of the total number of investments; only about a third of total investments in Route 128). VC firms in Route 128 invest, on the contrary, far more in the healthcare and industrial sectors. All these differences seem to be significant at the 0.001 level (chi-square test = 169; df = 14). An interesting finding is the pronounced differences in the location of the investee companies. It was already noted that VC firms in Silicon Valley tend to invest more 'locally' than VC firms in Route 128. From 1995 to the first quarter of 1998, 70% of all investee companies for VC firms in Silicon Valley are located in California and only 30% are located somewhere else in the USA. In the case of VC firms in Route 128, only about 42% of their investment stays in Massachusetts. These differences are also statistically significant (chi-square test = 220; df = 1). This supports the hypothesis that VC firms in Silicon Valley fund more companies in the Silicon Valley area, in comparison with VC firms in Route 128 which invest in companies all around the country.
Another important difference between VC firms in Silicon Valley and in Route 128 is the amount of money invested in companies. From 1995 to the first quarter of 1998, the amount of capital invested by VC firms in Silicon Valley is 8.7 billions of dollars in comparison with 5.9 billions in Route 128. Table 5 shows the mean amount of capital invested for VC firms in Silicon Valley and VC firms in Route 128, again, by stage of investee company, industry of investment and state location where funding goes. Table 5 (last column) also displays the mean difference in the amount of money invested between Silicon Valley and Route 128 VC firms by location of the investee company, stage of the investee company and industry of the investee company. There are not many significant differences according to the several t-tests performed. It is worth noting that the amount invested in software and information by VC funds in Silicon Valley is higher (statistically significant at the 0.001 level). Also, on average, VC firms in Silicon Valley spend $1.5 millions more on investee companies located in their same state (in comparison with Route 128 VC firms). The difference is again statistically significant at the 0.001 level.
Conclusion
In the present study, I have shown some of the most important differences in the network structure of venture capital firms in Silicon Valley, compared to the one in Route 128. First, collaboration among venture capital firms in Silicon Valley is more pronounced and dense than in Route 128. The network analyses clearly show that the network of VC firms in Silicon Valley is denser overall, which in substantive terms, illustrates the culture of cooperation among local firms. The average number of ties in Silicon Valley is two times the average number in Route 128. In addition, the network of firms in Silicon Valley scores higher in all centralisation measures. The network analyses of components and cliques in both regional networks of VCs confirm that the social network in Silicon Valley is much more cohesive and connected. Not only is the structure of VCs denser, but also firm participation in such networks is higher. In Silicon Valley, 70% of all VCs cooperate with other VCs in the funding of companies; the percentage is much lower, 50%, in the case of VCs located in Route 128.
Second, the number of investments and the amount of money coming from VC firms in Silicon Valley that stay in Silicon Valley are higher than the number of investments and amount of money invested by Route 128 VC firms in New England. I have supported the view that Silicon Valley VC firms tend to invest more 'locally' than VC firms in other prominent regions in the USA like Route 128. In the case of VC firms in Silicon Valley, almost 70% of their funded companies and 70% of the amount invested go to local investee firms. It is only 40% in the case of VC firms in Route 128. Differences in the patterns of investments between VCs in Silicon Valley and VCs in Route 128 are quite significant. Over 50% of the portfolio of VC firms in Silicon Valley consists of investee companies in their first, second and third stages of development. VC firms in Route 128 tend to invest much more in buy-outs and follow-on companies. Both firms in Silicon Valley and Route 128 invested substantially in the software and information and communication industries during the three-year period of analysis.
The present structure of the social networks in Silicon Valley and its historical development can explain the higher growth and development of the region in comparison with other regions in the world. This network structure explanation challenges any market-centred theory of regional development. Both Silicon Valley and Route 128 have comparable concentrations of skills and technology and even similar numbers of companies and institutions. However, important network differences emerge when examining the venture capital sector only -the most critical source of capital for many start-up companies since the 1950s. Venture capital in Silicon Valley seems to be more central in the development of the region's social and professional networking in comparison with the more passive role of VC firms in other regions. At the same time, networks of venture capitalists rely on major inflows of technical entrepreneurs, venture capitalists, management talent and supporting services.
A network approach to the study of regions that explores the network structure among important actors of a region can give us a satisfactory account for Silicon Valley's superior performance. My network analysis of venture capital firms and the differences across two regions within the USA is only the beginning of a regional network approach to the understanding of regional development. Entrepreneurial efforts and venture capital activities are indeed more successful when embedded in a densely connected network such as in Silicon Valley. This is mainly because such embeddedness in social networks shapes and facilitates the allocation of resources, support and information necessary for the development of new local organisations and the development and success of the region in the long run.
In general, social networks matter because trust, information, action, cooperation, all operate through social relations. Developing better models that account for these crucial network factors affecting regional development first requires that we understand how they are shaped by networks and reshaped in turn. Regional development, in this sense, may rely more on the structure of networks of social actors since social actors ultimately influence the pattern of economic and organisational practices as well as the institutional infrastructure of a region. In this sense, a network theoretical perspective of regional development should operate under at least five basic premises: Those five premises are important steps to follow when comparing regions and/or industrial districts. A comparative analysis of regional development should therefore pay attention to at least a few of these network premises. It is about time that we learnt more about what kinds of regional networks help to promote superior economic and social development. The analyses in my paper have also important implications for practice and policy. Any attempt to replicate Silicon Valley is unlikely to succeed (or succeed at the level that Silicon Valley has) unless dense social networks among actors that promote trust and cooperation are simultaneously developed and supported over time. Although establishing venture capital industries and technology parks in an effort to replicate Silicon Valley's infrastructure has been the goal of many governments in the world in recent years, these governments have not necessarily worked to create and maintain beneficial networks across firms not only within the venture capital industry but also across different institutional settings. The case of Taiwan is a successful story of regional development. During the 1970s and 1980s, Taiwanese government agencies and policy makers in their efforts to improve the region's position in the international economy, created a technology park (i.e., the Hsinchu Science-based Industrial Park) and a venture capital industry. Moreover, they recruited Taiwanese and Chinese engineers and entrepreneurs working in the USA to return to Taiwan and they promoted the development of connections to the US market [40, 41] . The Taiwanese case suggests that regions aiming to develop in the information technology era need to pay attention not only to the creation of an infrastructure of institutions that funds and supports new firms but also to the facilitation and promotion of financial, technical and technology connections among Taiwanese firms and also between Taiwanese firms and institutions in other regional communities like Silicon Valley.
In my paper, I have attempted to study the venture capital sector and how differences in the network cooperation among VC firms in two regions can explain differences in regional development. Future analyses should extend the network analyses to other economic sectors and institutions. A network approach can help social scientists and policy makers to understand the nature of the relationship between social networks of actors and regional development. Such types of network analyses are indispensable steps for the understanding of industrial and regional economies. The diagram is therefore the visualisation of a valued graph or network: given that in the case of a link between two VC firms, I also know the number of instances in which both VCs co-invested in the same company. The diagram displays the VC firms in a three-dimensional x by y by z space. Location of the points is produced by the multidimensional scaling technique (MDS). So two VC firms with four companies in common, for example, will be closer to one another than two companies which have just three companies in common; how much closer they are in the three-dimensional space is determined by the MDS procedure. The MDS technique is designed to represent proximities among a set of entities in a low-dimensional space so entities that are more proximate to each other in the input data are closer in the space and entities that are less proximate to each other are further apart in the space. The usual input to a multidimensional scaling is a one-mode symmetric matrix consisting of measures of proximity between the pairs of entities. In this case, the input matrix was the adjacency matrix of VC firms in which the cells measure the number of investee companies in common during the 1995-1998 period. The output of multidimensional scaling is a set of estimated distances among pairs of firms, which can be expressed as coordinates in a three dimensional space.
Results are also displayed as a diagram in which the coordinates are used to locate the entities in the resulting three-dimensional space. Using multidimensional scaling to study a network shows which subsets of firms are relatively close to each other in a graph theoretic sense and which set of firms are isolates. Because the adjacent matrix of firms by firms to analyse was valued (i.e., non-binary matrix where each of the cells shows the number of investee companies in common for a given pair of VC firms), I use a non-metric method of multidimensional scaling (starting with a metric solution 
